Activation of intracellular phosphoinositide signaling after a single 600 nanosecond electric pulse.
Exposure to nanosecond pulsed electrical fields (nsPEFs) results in a myriad of observable effects in mammalian cells. While these effects are often attributed to the direct permeabilization of both the plasma and organelle membranes, the underlying mechanism(s) are not well understood. We hypothesize that nsPEF-induced membrane disturbance will initiate complex intracellular lipid signaling pathways, which ultimately lead to the observed multifarious effects. In this article, we show activation of one of these pathways--phosphoinositide signaling cascade. Here we demonstrate that nsPEF initiates phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P2) hydrolysis or depletion from the plasma membrane, accumulation of inositol-1,4,5-trisphosphate (IP3) in the cytoplasm and increase of diacylglycerol (DAG) on the inner surface of the plasma membrane. All of these events are initiated by a single 16.2 kV/cm, 600 ns pulse exposure. To further this claim, we show that the nsPEF-induced activation mirrors the response of M1-acetylcholine Gq/11-coupled metabotropic receptor (hM1). This demonstration of PIP2 hydrolysis by nsPEF exposure is an important step toward understanding the mechanisms underlying this unique stimulus for activation of lipid signaling pathways and is critical for determining the potential for nsPEFs to modulate mammalian cell functions.